Introduction
Differentiated thyroid carcinoma (DTC) is an endocrine tumor with a favorable outcome and 10-year survival rates of 80-95% (1) . According to American Thyroid Association (ATA) guidelines, patients are classified into low-, intermediate-and high-risk groups depending on their risk of recurrence and death (2) . Traditionally, the treatment of DTC includes total thyroidectomy, and neck dissection when necessary, plus a risk-adapted radioiodine ablation (RRA) and lifelong therapy with levothyroxine (T4). Most low-risk and intermediate-risk DTC patients achieve excellent prognosis and a normal life expectancy (3) ; cancer recurrence may occur; however, in up to 20% of DTC patients, mostly in the local regional lymph nodes and within the first 5 years since initial treatment (2) . Accordingly, regular follow-up is advocated in all DTC patients (2) . However, it was proved that high-risk DTC patients achieve excellent prognosis and a normal life expectancy if excellent response to the treatment is achieved within 6-12 months after treatment. This approach (i.e. dynamic risk stratification system) allows tailoring follow-up intensity on an individual basis according to the response achieved after primary treatment (4) . Currently, serum thyroglobulin (Tg) measurement and neck ultrasonography (US) are the mainstays in DTC patients' follow-up. Traditionally, at the time of first response to treatment assessment (generally within 6-12 months after primary treatment) serum Tg is measured after TSH stimulation (obtained by T4 withdrawal or exogenous administration of recombinant human TSH (rhTSH, Thyrogen, Genzyme Corporation, Cambridge, MA, USA)) to increase the diagnostic sensitivity of Tg measured on T4 treatment (onT4-Tg) (5) . However, highly sensitive Tg assays (hsTg) have been developed in last years to increase the reliability of onT4-Tg measurement (6) . Relevant literature on the issue was recently meta-analyzed showing that onT4-Tg measurement by high-sensitive assays (i.e. functional sensitivity (FS) ≤0.1 ng/mL) has high negative predictive value (NPV) (i.e. 97-100%), thus, significantly decreasing the need for stimulated Tg (7) . Table 1 details the results of the main studies on this topic (1, 6, 7, 8, 9, 10, 11, 12, 13, 14) . However, despite calibration against an international reference standard (BRC457) multiple assays analyzing the same samples report different values due to heterogeneity in both Tg structure and assays reactivity. Additionally, different protocols are used by manufacturers to define the analytical characteristics of different assays and an assay with a declared higher FS value may have a clinical performance equal to or better than one with a lower declared FS (15, 16, 17) . Accordingly, clinical thyroidologists and laboratory specialists are strongly advised to carefully evaluate the analytical and clinical performance of any newly introduced (highly sensitive) Tg assay, including a comparison between basal and stimulated values in the same assay and confirm cut-off and decision limits in their own DTC patient populations, ideally by using ROC curve analysis (16, 18, 19) .
As a new fully automated hs-Tg assay was implemented in our center in 2012, here, we investigated the reliability of onT4-Tg measurement with this assay in predicting the early response to treatment and the subsequent outcome in low-and intermediate-risk DTC in comparison to established stimulated Tg measurement. Additionally, the most accurate threshold for onT4-Tg was derived by ROC curve analysis in our clinical population.
Patients and methods

Institutional treatment and follow-up protocol
At our thyroid center, DTC patients, excepting those with unifocal DTC <1 cm in the largest diameter, underwent (near-)total thyroidectomy with central or lateral neck dissection, depending on risk and intraoperative findings, and a subsequent RRA according to the European Association of Nuclear Medicine (EANM) recommendations (20) . Most treatments are performed 4-6 weeks after surgery without introducing T4 replacement (i.e. a certified TSH value >30 IU/L is required in these cases), whereas rhTSH is employed in selected cases on indication of attending physician. Ablation activities between 1.1 and 2 GBq and 2 and 5.5 GBq are selected, on indication of attending physician, in low-and intermediate-risk patients respectively. Three to seven days after RRA, a post-treatment whole-body scan (PT-WBS) with head and upper mediastinum single photon emission tomography/computed tomography (SPECT/CT) is performed following standard protocols as previously described (21) . A PT-WBS showing physiological radioiodine distribution without uptake foci outside the thyroid bed (i.e. remnant) is rated as negative, whereas a PT-WBS showing extra-thyroid non-physiological uptake foci is rated as positive. The latter findings are further clarified by neck US, fine needle aspiration (FNA) and positron emission computed tomography/CT (PET/ CT), CT or magnetic resonance imaging (MRI), when indicated. Overall, basing on preoperative assessment, intraoperative findings, pathology report, PT-WBS and additional imaging results patients are classified at high-, intermediate-or low-risk (2) . In low-to-intermediaterisk patients, TSH levels are maintained below 0.5 IU/L until cure is demonstrated and between 0.5 and 2.0 IU/L later. The response to the initial treatment is evaluated 6-12 months after thyroid ablation by neck US and rhTSH-stimulated Tg testing. An additional diagnostic WBS is performed in patients at intermediate risk and in those with positive TgAb. Primary treatment is considered completed if there is no evidence of residual disease; i.e., negative imaging and rhTSH-Tg levels <1 ng/mL. In other cases, further examinations were performed and additional treatments (i.e. surgery, radioiodine) were done according to the judgment of the attending physician and multi-disciplinary thyroid board, when needed.
Study design
All patients who underwent their early DTC posttreatment assessment in our center after the introduction of the new hsTg immunoassay (i.e. 2012) were retrieved from our database. According to the end point of our study, enrolled were patients (1) treated by (near-)total thyroidectomy and RRA, (2) without extra-thyroid uptake foci at post-treatment WBS and (3) classified as at low or intermediate risk (2) . Patients with high-risk carcinomas, positive TgAb before ablation or without a documented assessment of response to therapy were excluded. The response to treatment was assessed as described previously, taking into account rhTSH-stimulated values, and rated as excellent response (ER; rhTSH-Tg <1 ng/mL, imaging negative), biochemical incomplete response (BIR; rhTSH-Tg >10 ng/mL, imaging negative), structural incomplete response (SIR; any rhTSH-Tg value, imaging positive) and indeterminate response (IR; rhTSH-Tg 1-10 ng/mL, imaging indeterminate) (2) . Patients with no recurrence over time were defined as NED (no evidence of disease). The disease-free survival (DFS) was calculated from the date of RRA to the date of last follow-up (NED patients) or the date of relapse detection.
Laboratory assessment
Thyrotropin (TSH) was measured with chemiluminescence immunoassays (HYPERsensitive hTSH) on a UniCel DxI 800 automated platform (Beckman Coulter SA, Nyon, Switzerland). The HYPERsensitive hTSH assay is based on the 3rd International Standard (WHO) for human TSH (IRP 81/565) with analytical sensitivity of 0.003 IU/L, FS of 0.01 IU/L respectively. The TSH normal reference range is 0.40-4.00 IU/L. Serum Tg and TgAb were measured on the Kryptor Compact Plus instrument (BRAHMS Thermo Fisher Scientific). This method uses two fluorophores, Lumi4 and Cyanin5.5, detected separately or combined in the same antigen-antibody complex, a method known as the time-resolved amplified cryptate emission (TRACE). The Kryptor hTg-sensitive assay is calibrated against BCR457 international reference standard and the FS (corresponding to inter-assay imprecision of 20%), had been estimated at 0.15 ng/mL by the manufacturer (Instruction for use, ThermoFisher). The Kryptor TgAb is standardized against 1st International Reference Preparation 65/93 and the FS had been estimated at 33 IU/mL by the manufacturer (Instruction for use, ThermoFisher). Then, serum TgAb levels <33 IU/mL were considered as negative (22) .
Statistical analysis
Continuous data were analyzed by parametric or nonparametric tests for differences in means or medians, respectively. Mann-Whitney U, Wilcoxon test and paired or unpaired t-test were used to test the differences between paired or unpaired variables in two groups of patients, when appropriate. P values of 0.05 or less (two-sided test) were considered to indicate the statistical significance. Levels of serum Tg <0.15 ng/mL were considered as 0.15 ng/mL for statistical analysis. DFS was estimated using the Kaplan-Meier method (23) , and differences between curves were analyzed by the log-rank test (24) .The degree of association of specific parameters with the presence of disease was analyzed by odds ratio (OR). The predictivity tests, such as sensitivity, specificity, positive (PPV) and negative (NPV) predictive values and accuracy, were calculated by Galen and Gambino tests (25) . Continuous variables, such as Tg levels, were dichotomized by receiver-operating curve (ROC) analysis using the maximum value of Youden's index (J) as the optimal cut-off point (26) . All statistical tests were performed by MedCalc Statistical Software, version 15.8 (MedCalc software bvba, Ostend, Belgium).
Ethics
The protocol was approved by the Advisory Board of Research at Oncology Institute of Southern Switzerland and the Ethics Committee of Canton Ticino, Bellinzona (Switzerland). All patients gave their informed consent before participating in the study. Our work was conducted according to requirements of Helsinki's Declaration.
Results
Patient selection
Two hundred eighty-nine DTCs treated after 2012 were initially found in our database. After exclusion of 43 highrisk patients, 244 low-or intermediate-risk DTC patients were retrieved; among them, 36 (15%) had preablation positive TgAb and 9 (4%) without a documented assessment of response to therapy were also excluded. Then, the final study series comprised 201 patients. Three-fourths were females, and mean age at diagnosis was 52 years. Histological examination showed a PTC/ FTC ratio of 7:1. Median follow-up was 29 months (range from 6 to 130). Patients characteristics are summarized in Table 2 .
Early response to treatment classification
The response to the initial treatment was assessed by rhTSH-stimulated Tg measurement, neck US and, in more selected cases, DxWBS. Excellent response (ER) was demonstrated in 184 (91.5%) patients, incomplete response in 9 patients, of which 2 (1%) had biochemical (BIR) and 7 (3.5%) structural (SIR) incomplete response. Finally, an indeterminate response (IR) was found in 8 (4%) patients. A significant relationship was demonstrated 
Figure 1
Relationship between onT4 and Tg and rhTSH-Tg values (Log10). 
Outcome over time according to rhTSH-Tg and onT4-Tg values
Eleven (5.5%) patients had structural diseases (10 cervical lymph nodes and 1 lung metastasis) at a mean time of 23 ± 15 months since RRA. Two and 9 of these patients were treated by exclusive 131 I therapy or surgery (followed by adjuvant 131 I therapy in 4 cases). The remaining 190 patients were disease free (NED) until the last visit of follow-up (mean DFS of 38 ± 16 months). At the time of their first follow-up visit after RRA, among 11 recurrent patients 6 had SIR, 3 IR, 1 BIR and 1 ER respectively. Table 4 details median value and ranges of onT4-Tg and rhTSH-Tg recorded in NED subjects and recurrent patients. Optimized thresholds were determined according to ROC curves analysis at 1.1 ng/mL for rhTSH-Tg (AUC 0.982, 95% CI from 0.952 to 0.995, P < 0.001) and 
Figure 3
Kaplan-Meier curve of event-free survival according to onT4-Tg value below or above 0.28 ng/mL as the most accurate cut-off retrieved in our series. 0.28 ng/mL for onT4-Tg (AUC 0.987, 95% CI from 0.960 to 0.998, P < 0.001) respectively (Fig. 2) . Figure of merits of onT4-Tg and rhTSH-Tg were assessed using ROCderived (0.28 ng/mL and 1.1 ng/mL) and ATA 2015 cutoff levels (0.20 ng/mL and 1.0 ng/mL) ( Table 5 ). Of note, an undetectable onT4-Tg value (i.e. <0.28 or <0.20 ng/ mL) predicted a NED status with 100% NPV. At Kaplan-Meier analysis, onT4-Tg levels <0.28 ng/mL or rhTSH-Tg levels <1.1 ng/mL were associated to significantly longer disease-free survival compared to higher values (both P < 0.001) as illustrated in Figure 3 . Accordingly, having onT4-Tg values <0.28 ng/mL at 6-12 months after RRA was significantly associated to both ER at early follow-up (odds ratio 165 (95% CI from 32.1 to 847.8), P < 0.001) and absence of relapse during the follow-up (odds ratio 328.4 (95% CI from 18.2 to 5903.6), P = 0.0001) ( Fig. 4) . Main clinical findings obtained by using the cut-off point of onT4-Tg of 0.28 ng/mL are illustrated in Figure 5 .
Discussion
Our present study aimed to assess, for the first time to our best knowledge, the clinical effectiveness of the new fully automated high-sensitive Kryptor Tg assay in predicting early response to treatment and outcome over time in low-and intermediate-risk DTC. An earlier report showed a good concordance of Tg levels between Kryptor and the Tg Access assay (Beckmann Coulter, Fullerton, CA, USA) (27) . Subsequently, Groen and coworkers found undetectable onT4-Tg in Kryptor assay in 43 of 44 patients with stimulated Tg values <1 ng/mL (measured in a different established immunoradiometric assay) (28) . In our real-life clinical scenario, rhTSH-Tg levels served as yard-stick in patients' management. Additionally, corresponding onT4-Tg levels were measured allowing a head-to-head comparison. In agreement with the literature, here we did not record disease-related deaths in our series of low-to intermediate-risk DTC patients; 2.5% of patients were classified as SIR and a 5% had structural recurrence requiring additional treatments. Moreover, the larger part of cases had excellent response at their first follow-up, and none of them recurred over time. The latter patients had all undetectable onT4-Tg (i.e. <0.20 ng/ mL) confirming that the onT4-Tg cut-off proposed by ATA 2015 guidelines (i.e. >0.1-0.2 ng/mL) is highly reliable in identifying disease-free survivors. Furthermore, the optimal onT4-Tg threshold to discriminate patients at higher risk of recurrence from those with high likelihood of NED outcome over time was set at 0.28 ng/mL by ROC curve analysis. Accordingly, as the most relevant result, a 100% NPV was achieved in our patients by using this optimized cut-off at time of first follow-up ( Fig. 4) . A very closed cut-off level was obtained by Brassard and coworkers using hs-Tg Access assay (12) . They measured onT4-hsTg 3 months after thyroid ablation. During the median follow-up of 6.2 years, 32 out of 715 patients had a recurrence. Using a cut-off limit at 0.27 ng/mL, as derived by ROC curve analysis, sensitivity and specificity reached 72% and 86% respectively, with 20% PPV and 99% NPV. However, it should be noted that Brassard and coworkers compared unstimulated Tg levels obtained 3 months after thyroid ablation with stimulated Tg levels obtained 9-12 months later, whereas both basal and stimulated Tg levels should be measured simultaneously 6-12 months after ablation. As Tg levels tend to decline continuously Schematic illustration of association of onT4-Tg with excellent response to initial treatment and outcome over time.
Figure 5
Main results of the study. The threshold of onT4-Tg 0.28 ng/mL was calculated by ROC analysis.
over time after radioiodine, these data should be interpreted with caution and cannot be compared directly with those obtained in different settings. This further underlines the importance of a careful evaluation of hsTg performance in clinical populations referred to a specific laboratory and also confirms the advantage of optimizing diagnostic cut-offs for any given assay using ROC curve analysis in specific clinical populations (16, 18, 19) . All in all, excluding patients with hsTg <0.28 ng/mL from further follow-up would not be related to any risk of missing a subsequent relapse in our series. Indeed, the rate of patients at risk of recurrence would be increased from 5% in our overall series (11/201) to 50% in those cases with hsTg levels above 0.28 ng/mL (11/21) . This approach deserves, of course, confirmations and longterm follow-up remains pivotal. However, our data support a simplified follow-up protocol in patients with low/undetectable onT4-hsTg measurement at their first follow-up visit; i.e., clinical examination and onT4-Tg measurement every 1-2 years (2). Strengths of our study are the relatively large number of patients, the homogeneous treatment and follow-up protocols with uniform diagnostic methods, risk-assessment and dynamic risk stratification criteria. Additionally, serum Tg levels were measured on a routine basis, using different lots and calibrator in a 5-year period and consequently our data proved robustness in the face of day-to-day assay imprecision and lot-tolot variability. Some potential limitations should be addressed; first, although consecutive patients were enrolled and prospectively managed, the performance of onT4-Tg performance was evaluated by post hoc analysis in comparison with rhTSH-Tg. However, the basal onT4-Tg levels were not taken into account in clinical management and, consequently, relevant biases are unlike. Also, the period of postoperative follow-up of our patients might not be considered as long enough; nevertheless, recurrences have previously been reported to be rare in patients achieving excellent response after thyroid ablation and most relapses occur within the first five years (2) . Then, no significant bias might be expected.
Conclusion
In our series, patients with low-or intermediate-risk DTC could be considered cured when they have Tg levels <0.28 ng/mL in Kryptor assay coupled with negative imaging at their first post-ablation visit. Consequently, rhTSH-stimulated Tg measurement could be safely avoided in these patients. Overall, such data form a reliable reference for larger, prospective and ideally multicentric studies before widely adopting this cut-off limit in clinical practice.
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